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ABSTRACT

This article discusses the literature on sex
differences in mathematics achievement and advances four possikle
explanations to account for the differences. Attitude and other
affective dimensions are considered as learned response tendencies
which interact with ability. Results of correlational, multiple
regression, and factor analyses on data from one group of college
students using attitude and aptitude scores are reported and
discussed. (LS)
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'AFFECTIVE VARIABLES AND SEX DIFFERENCES IN MATHEMATICAL ABILITIES
Lewis R. Aiken, Jr.
Guilfopd College
The notion that boys and men are better in mathematics than

girls and women, spcaking both historically and contemporaneously,
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_has received attention in various sources. Looking at'the matter
historically, Hypatia was apparently the only woman mathematician
of importance prior to the 18th century. Since then there have

l ' been Maria Agnesi, Sophie Germain, Sonja Kovalevsky, Emmy Noether,

and perhaps a few others-=-but very few compared to the number of

men who have achieved eminence in mathematics during the same

period (Iacoﬁécci, 13970). On the more mundape educational scene,

the typical finding in the elementary school is that girls are at

least equal and sometimes better than boys in mathematics achieve-
ment. But in junior high school boys begin to creep'ahead of girls,
the superiority of boys after grade seven-being revealed particu-
larly on problem-solving tasks éuch as those on arithmetic reasoning

tests (see Hilton, 1970; Jacobs, 1973; Jarvis, 19643 Powell, O'Connor .
€ Parsley, 1964). In addition, there is evidencg that the factér

structure of mathematical ability becomes more differentiated with

maturity. This "age differentiation" becomes espécially manifested
in high school, where boys show a greater numbef and more sharply
differentiated mathemafical abilities than girls. ‘

| “.Hypotheses Coencerning Sex Differences

It is debatabic whetiher these findings are the causcs or_the‘

effects of tﬁe Popular conception that mathematics is primarily
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a masculine cnterprise. In any event, at least four explanations
have been proposed to account for sex differences in mathematical
abilities: the masculine-identification hypothesis, the diffcren-
tial social rcinfdrcement hypoéhesis, the same=sex role modeling
hypothesis, and the sex-linked recessive gene hypothesis. To con=-
sider the last explanation first, Stafford (1972) proposed that

sex differences in numerical and spatial abilities are due, at least
in part, to the faot that these abilities--like pattern baldness,
hemophilia, and red-green color blindness=~are transmitted by .
sex=-linkaed, recessive genes. If this hypothesis is correct, then

a percson's mathematical ability should be more closely related to
that of the opposite=-sex parent than to that of the same=-sex parent.
Although this is a compelling and timely hypothesis, it has encoun= |
tered certain difficulties (see Garron, 1970). Furthermore, even
Staffofd does not argue that genetics compietely explains sex diff-
erences in mathematical abilities.

A second explanation-~the masculine-identification hypothesis
of Plank and Plank (1954)--maintains that since working mathematics
is an aggressive, masculine occupation, both boys and girls who are
good at it identify more closely with their fathers or other strong

~male figures. The implication is that women mathematicians are
‘consequentlylmore masculine than women non-mathematicians. Cited

in support of the masculine-identification hypothesis are studies
relating father absence to ability in mathematics (Carlsmith, 1964;
Landy, Rosenberg, & Sutton-Smith, 1969). However, the notion that

a masculine ipterest pattern and a higher level of aggression are

‘\_ associated with proficiency in mathematics has faiload to receive




substantial empirical support. At least it is alear from the
evidence that women mathematics majors are not necessarily aggress=
ive or "masculine " |

A third hypothesis, relatéd to the first one, is that sex
differences in mathematical ability are due to same-sex role model=-
ing (Maccoby, 19663 Bem & Bem, 1970; Milton, 1958). According to
this explanation, sincc mothers are typically more vérbally oriented
and fathers more gquantitatively oriented, young girls who mode;
their behavior after mothar come to view themselves as inqompetent
in mathematics. A fourth hypothesis maintains that sex differences
in quantitative ability are produced by differential social rein-
forcement. Quite simply, this'hypothesis sfates that since boys
usually receive more positive social'reinforﬁement.for mathiematical
"endeavors than girls, they come to be better at it and to like it '
better. . '

Some research, ﬁﬁst of it not very well designed, has been
.conducted to test the differential éooiallreinfofceﬁent and same=-sex
role modeling hypotheses and to find ways to improve girls"abili-.
ties in méthematical problem solving. Two conclusions stemming .
from this research are that (a) improving their attitudes toward
mathematics seems to help girls do better in the spbject and (b)
casting mathematical problems in terms of "typical feminine intereét"
content improves girls' scores on those problems (Carey; 19583
Milton, 1958; Graf & Riddell, 1972). - | |

Personal Research
It may seem inappropriate that so far I have scarcely mentioned

attitudes and other{affecfive-variables, After all, this part of




the program was supposed to be concerned with "Affective Variab;es,
ete." The reason why I have neglected affective variables is be=-
cause I do not view affect and cognition as separate dimensions,
but as integral components of ﬁersonality. Thus, the relationship
between attitude or interest and performance is reoiprocal and
dynamic, in that attitude or interest affects achievement and
achievement in turn affects attitude and interest. In other woxrds,
greater achievement results from an improved attitude and an im=-
proved attitude results from greater achievement.

Although theoretical controversy may be good for stimulating
rescarch, it can lead to channelized perception and professional‘
myopia. In keeping with a more dynamic explanation of both atti=-
tude toward mathematics and ability in this subject, it is proposed
that both specific attitudes and specific abilities are learned
response tendencies shéped by sociocultural experiences impressed
on a more general, genetically-determined.temperamental and abilityl3
substrate (Aiken, 1972). This composite interpretation views the
several compﬁnents of mathematical ability as acquired differentia-
tions c¢f general cognitive ability, such differentiation being the
consequence of a specific reinforcement history, modeling the beha=-
vior of significant others, and positive transfer of skills from one
mathematicalttask to another. Attitude and other éffebtive dimensions
which interact with ability'to influence proficiency in mathematics
are also conceptualized as learned response tendencies. Such a N
dynamic, interactive explanation has been the guiding principle of
my research on psychological factors in learning matheﬁatica. '

This research, which has been ce.acerned primarily with junior-




high, high school, and college students, has involved correlational,
multiple-régression, and factor analyses of scores on a wide range

of affccfive and cognitive variables. Some representative results
ave shown in the correlation matrix of Table 1 and the factor matrix
of Table 2. Table 1, which is based on a study of 11l college sopho=-
more men and 128 college sophommore women, contains the correlations
.among 10 Adjective Checklist scdres, Scholastic Aptitude Test-Mathe=~
maéical score, and score on the Mathematies Attitude Scale. These
rcsults indicate that, in both men and women, attitude toward mathe-.
matics is positively related to self-control, personal adjustment,
necd for achievement, need for endurance, and need for'ordeb; mathe=
matics attitude is negatively related to emotional'iability‘and

nced for aggression. Not only do these findings contradiect the
theory that attitude toward mathematics is related to masculine
aggression, bﬁt they suggest that it is associated with a cluster.

of traits which would clearly be usefﬁl to a mathematical problem'
solver: self-gontrol,_emotional stability, good personal adjustment,
high need for achievement, endurance, and orderliness.

Table 2 contains the results.of two orthogonal powered-vector.
lfactor analyses--one for 72 eighth-grade girls and a second for.aul_.-
eighth-grade-boys--baseq on five ability measures, sccore on the
Mathematics Attitude Scale, and scores on 16 items of a specially
designed biographical inventory. Two independent factors were ob-
tained for girls and one factor for boys. Factor A in both cases
is interpretgd_as "Student's Mathematical Ability," and Factor B

for girls is"Father's Reported,

:

athematieal Ability.“. Note that kR
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since Factors A and B are orthogonal, it may be concluded that for
the females "Student's Mathematical Ability" was independent of

their '"Father's Reported Mathematical Ability.f In contrast, for
males "Student's Mathematical Ability' was positively related to
"Father's Reported Mathematical Ability." These findings are clearly
inconsisteni with both the "masculine identification"'and "sex~linked
recessive gene" hypothesis.

I'inally, it can be seen from Table 2 that mathematical ability
in these junior-hiﬁh school girls is more closely relatod to their
attitudcs toward mathematics than in the boys. Behr (personal
communication) and others have reported similar findings, in addition
'co the fact tﬁat mathematical ability test scores and mathematics
grades are more closely related in girls than in boys. Although
there is some variation in predictability with age, using both
affective and cognitive variables we are usually able to do a better
job of forecasting the school mathematics .grades of females than ‘
those of males. Consequently, another noteworthy sex difference--
seemingly the opposite of the traditional stereotype--emerges from
these studies. Women, at least on psychological aﬁd‘educational

measures, are apparently more predictable than men!
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Table 1
Correlations Among Adjective Checklist, Mathcmatics

Attitude Scale, and SAT-Mathematical Scores (12)

Variable .
T . . Sex Correlations

1. ACL Deference «62 002 «65 035'057 .5”-.31-.“9-.16 015-002

44=,05 .64 .52 .54 .41=.21=.41-.52 .17 .16

\

-036 ous 037 063 .66-.”9-.59 008 olu 009

(Female)

2. ACL Self Control -
. -050 070 037 072 .75-.5“-.70 020 .25 020'

'.20'.12'.3”'.”1'.0” 008-027-025-011
3. ACL Lability
-.23-.16-.“6-.58 029 .27-.“2-.17-.10
4. ACL Personal o34 .51 .42-,35=-,44=,05 .20 .03
Adjustment _.39_.59'.62-.u5'.63'.1u 025'122

§. ACL Need for' .76 .56-.06 .05=.33 .14 .03

Achievement 073 .56 +07=.02=.45 .28 .07.

6. ACL Need for .85-.,18=.20-.13 .21 .03

Endurance . . . .88=.20-.38-.18 .27 .12

70.ACL Need form -021-926-002 21 .08

OPdeP . -028-037 .01 022 013

8. ACL Need fop . 066-.09-006 006

Autonomy 068-032-018-011

3. ACL Need for -.24=.17=.08

MOX oM R W X MmO OX oM R oMW OX om oX oW R oW X oM XWX

Aggression -.24=,20~.09
10. ACL COunéelihg .21 .25
Readiness r} . .00 .0u
ﬂll.hMathematicsl“ .53
.Aftitude .Sk




Table 2

Factor Analyses of Eighth Grade Data

::::‘.::::::===============::::::::::::::::::::::::======5======::=::=
Girlis (N=72) Boys (N=84)
Variable —
Factor A  Factor B Factor A

Eighth-grade final math mark ° « 791 -.025 - 4745
CTMM Language I.Q. .826 .001 773
CTMM Nonlanguage I.Q. ‘ \ 774 0156 728
CAT Arithmetic Reasoning S.922 - .003 .897
CAT Arithmetic Fundamentals 875 -.027 «862
Mathematiecs Attitude .378 .061 .268
"My father and I have always y

been very close tc each other." .085 a .092 .012
"I have an older brother who

likes mathematics." -.039 164 -.330
"I have an older brother." | -.091 | .013 -.337
"I have a younger sister." 130 .058 -,030
"I have a younger s..ster who

likes ardithmetic." .068 -.091" -.221
"My father graduated from high _

school." 207 L .270 428
"My mathematids teachers in

school have usually been some-

what impatient and demanding." - -.4234i‘ " .030 -.285
"My father uses mathematics on' | | |

nis job." 192 146 177



Table 2 (cont'd)

T I I i 1t 11 i1t i i it iR R R R R R
"My mother graduated from high .

school. " | .396 .331 ©.385
"I have usually been an excellent -

student in school." . 169 =114 . ,300
"My father made high grades in |

mathematics when he was in . o
school." o3 . 828 .262
"In elementary school, my grades L ‘

in arithmetic were usually high." =,027 .'*  122 - 'I.343
"My father is a professional man.fdo§:uwi\};':¢~' |

doctor, lawyer, engineer, | [

teacher, etc.)." | 299 .- .089. . 383
"My mother made high'grades in o | -
mathematics when she was in -

school." Lo - .18k .108
"My father 1ike§lmathematios." +126 - .822 309

"I usually stick to a gob until

it is finished." .088  ~=.110 . .156

\

\




